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Summary Human enteric viruses are important causes of acute gastroenteritis
in infants and children. The role of rotaviruses, adenoviruses, human caliciviruses
and astroviruses in the development of severe acute gastroenteritis requiring hos-
pitalization of infants and young children in North Lebanon was investigated. Stool
specimens collected between April and May 2010 from 79 Lebanese infants and
children hospitalized for severe acute gastroenteritis, were screened for enteric
viruses by immunoassays and internally controlled multiplex PCR assay. Out of 79
stool samples, 38 (48%) were positive for rotavirus, and 5 (6%) were positive for
norovirus genogroup II. Enteric adenoviruses, sapoviruses and human astroviruses
were not detected. Children with severe rotavirus gastroenteritis were younger than
those with severe norovirus gastroenteritis. These results highlight the importance
of rotavirus and norovirus as causes of severe gastroenteritis in Lebanese children,
and the need to incorporate routine screening tests for norovirus infection in clinical
settings.
© 2011 King Saud Bin Abdulaziz University for Health Sciences. Published by Elsevier
Ltd. All rights reserved.∗ Corresponding author. Tel.: +965 24 98 65 19;
ax: +965 25 33 27 19.
E-mail addresses: wchehadeh@hsc.edu.kw,
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cute gastroenteritis is one of the most com-
on diseases in humans and continues to be one
f the leading causes of morbidity and mortality
orldwide. Children under 5 years of age are par-
icularly susceptible, and it is estimated that, in
Sciences. Published by Elsevier Ltd. All rights reserved.
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this age group, there are more than 700 million
cases of acute diarrhea every year. Enteric viruses
are major etiologic agents of acute gastroenteri-
tis among infants and young children worldwide.
Rotavirus is the most common single cause of severe
diarrhea in both developed and developing coun-
tries leading to dehydration and death [1]. Other
recognized viral causes of pediatric gastroenteri-
tis include caliciviruses, astroviruses, and enteric
adenovirus (serotypes 40 and 41) [2]. Human cali-
civiruses, especially those belonging to Norovirus
genogroup II, are now considered the most com-
mon cause of viral outbreaks, and constitute an
important cause of sporadic acute diarrhea [3—5].
Human Astroviruses belonging to the family Astro-
viridae, have been considered to be one of the
most common causes of viral gastroenteritis in
young children and are recognized as a clini-
cally important pathogen in the elderly and the
immunocompromised. The incidence of astrovirus
gastroenteritis is about 2—9% in children in both
developed and developing countries, indicating the
importance of astrovirus gastroenteritis control for
public health [6,7].
Although the disease burden of enteric viruses
has been well characterized for Western coun-
tries, there is little information about these viruses
in the Middle East. Acute gastroenteritis is well-
recognized condition affecting travelers in Lebanon
[8,9]. In particular in North Lebanon where national
surveillance system for epidemic-prone diseases is
lacking, and where food contamination is a growing
problem, the role of viruses in the development of
severe acute gastroenteritis requiring hospitaliza-
tion was not yet investigated. In the current study,
the major enteric viruses that can be the cause
of hospitalization of infants and young children
for severe acute gastroenteritis in North Lebanon,
were identiﬁed.
Methods
Stool samples
Stool samples were collected from 79 infants and
young children (less than 10 years of age) admitted
with severe acute gastroenteritis to four hospitals
in North Lebanon: ‘‘Nini Hospital’’, ‘‘New Mazloum
Hospital’’, ‘‘Haykal Hospital’’, and ‘‘Tripoli Gov-
ernmental Hospital’’, between April and May 2010.
Severe acute gastroenteritis was deﬁned accord-
ing to the modiﬁed Vesikari score (MVS ≥11)
[10]. Patients with chronic diarrhea or who had
documented history of non-infectious etiology of
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iarrhea and vomiting, and patients with bloody
iarrhea were excluded from this study.
All stool samples were screened for group
rotavirus and enteric adenovirus using an
mmunochromatographic rapid card assay, the Duo
ota-Adenovirus Check kit (Veda Lab, Alenc¸on,
rance), and for norovirus and astrovirus by an
nzyme immunoassay (EIA) using the RIDASCREEN®
orovirus 3rd generation and the RIDASCREEN®
strovirus (R-Biopharm AG, Darmstadt, Germany),
espectively.
ultiplex RT-PCR for the detection of
uman caliciviruses and astroviruses
iral RNA was extracted from 140l of 10% stool
uspension by the use of QIAamp® Viral RNA Mini
it (Qiagen, Tokyo, Japan) according to the instruc-
ions provided by the manufacturer. A reverse
ranscription (RT) reaction was then applied to
ll samples negative for rotavirus and adenovirus,
sing RevertAidTM First Strand cDNA Synthesis Kit
Fermentas, Vilnius, Lithuania). For each reaction,
.5l of extracted RNA were added to a reaction
ixture consisting of 4l of 5× Reaction Buffer,
l of 10mM dNTP Mix, 1l (0.2g/l) of Random
examer Primer, 1l (20U/l) of RiboLockTM RNase
nhibitor, and 1l (200U/l) of RevertAidTM M-MuLV
everse Transcriptase. Then, 3.5l of Diethylpy-
ocarbonate (DEPC)-treated water were added to
ive a total volume of 20l. The RT step was car-
ied out at 42 ◦C for 1 h, followed by a heating
tep at 70 ◦C for 5min to inactivate the enzyme
nd then cooling at 4 ◦C immediately. The Glycer-
ldehyde 3-phosphate dehydrogenase (GAPDH) RNA
rovided by the same manufacturer was retrotran-
cribed into cDNA and used to assess the integrity
f RT and PCR reactions.
A multiplex PCR assay for the detection of human
aliciviruses and astroviruses in fecal samples was
stablished according to Yan et al. [3]. Brieﬂy, two
ets of primers G1-SKF/G1-SKR and COG2F/G2-SK
ere used for amplifying norovirus genogroups
and II, generating a 330 base pair (bp) and a
87 bp PCR product, respectively. A single set of
rimers SLV5317/SLV5749 was used for amplifying
apovirus genogroups I and II, generating a 434 bp
roduct. The last set of primers PreCAP1/82b was
sed for amplifying all serotypes of astroviruses,
enerating a 719 bp PCR product. All primers were
urchased from TIB MOLBIOL (Berlin, Germany).
n internal ampliﬁcation control (IAC) was also
ncluded in each multiplex PCR reaction for the
etection of PCR inhibitors in RNA extracts.
he IAC comprised the annealing sequence sites
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Table 1 Demographic and clinical data of the rotavirus- and norovirus-infected children with severe acute
gastroenteritis.
Rotavirus Norovirus GII p-Value*
Children with severe gastroenteritis (n = 79) 38 (48%) 5 (6%) <0.001
Gender
Male 20 (53%) 3 (60%) NS
Female 18 (47%) 2 (40%) NS
Age
Median 8.5 months 13.5 months
(range) (3 months to 2.5 years) (8 months to 8 years) 0.021
Symptoms
Diarrhea 38 (100%) 5 (100%) NS**
Vomiting 38 (100%) 5 (100%) NS
Fever 31 (82%) 4 (80%) NS
Dehydration 14 (37%) 2 (40%) NS
Severity score*** (mean± SD) 12.03± 1.1 11.8± 0.8 NS
* Comparisons between rotavirus-infected children and norovirus-infected children.
** NS = not signiﬁcant.
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c*** The severity of gastroenteritis is calculated according to t
f norovirus forward and reverse primers: 5′-
agaattcctgcccgaattcgtaaatgagaatcaagaagccatgtt-
agatggatgaggtcgccccaggcaccagaaatcgtgcgtgaca-
taagatgtacaacggttatgcaggcgggagtgtacaatggctggg-
tgggaattcaa-3′. The IAC oligonucleotide was
ynthesized by Thermo Scientiﬁc (Ulm, Germany).
To perform the multiplex PCR, a 10× primer
ix (2 pmol/l) containing the four sets of primers
as prepared by adding 2l of each primer (at
00 pmol/l) to 84l of RNAse-free water. For
ach multiplex PCR reaction, 7.5l of cDNA were
dded to 25l of 2× QIAGEN Multiplex PCR Master
ix (Qiagen), 5l of the 10× primer mix solu-
ion, 5l of 5× Q-solution (Qiagen), and 1l of
AC (50 fmol/l). The amount of IAC showing no or
inimal competition with the native virus in the
ultiplex PCR reaction has been previously deter-
ined (data not shown). Finally, the reaction mix
as completed to 50l by adding 6.5l of RNase-
ree water. The multiplex PCR was carried out at
5 ◦C for 15min followed by 35 cycles of 94 ◦C for
0 s, 55 ◦C for 90 s, 72 ◦C for 90 s, and a ﬁnal exten-
ion at 72 ◦C for 7min, followed by cooling at 4 ◦C.
he PCR products were then submitted to gel elec-
rophoresis using a 1% agarose gel in the presence
f 0.5g/ml of ethidium bromide. The results were
hen visualized under ultraviolet (UV) light using
hemiDoc XRS System (Bio-Rad, Hercules, CA, USA)
nd recorded by photography.tatistical analysis
he difference between proportions for categori-
al variables was determined by 2-test or Fisher’s
o
n
c
iodiﬁed Vesikari score.
xact test, as appropriate. The difference between
he mean or median values of different groups of
nfected patients was assessed by Mann—Whitney
-test. p-Value <0.05 was considered signiﬁcant.
he statistical analysis was done using SPSS for win-
ows, version 17.0 (SPSS, Chicago, IL, USA).
esults
uman enteric viruses were detected in 43 (54%)
ut of 79 stool specimens collected from infants
nd young children hospitalized for severe acute
astroenteritis. Thirty-eight (48%) samples were
ositive for rotavirus by the rapid chromatographic
mmunoassay, and none was positive for enteric
denoviruses. Based on the norovirus and astro-
irus ELISA tests, 5 (6%) samples were positive
or noroviruses and none was positive for astro-
iruses. Using multiplex RT-PCR assay, the same
samples positive for noroviruses by ELISA test,
ave shown a positive band speciﬁc to norovirus
II (387 bp), whereas the detection of noroviruses
I, sapoviruses and astroviruses in all stool sam-
les was negative. The norovirus-positive results
ere conﬁrmed by performing a simplex PCR assay
ontaining primers speciﬁc for norovirus GI or
II.
Table 1 represents the demographic and clini-
al data for the 43 patients positive for rotavirus
r norovirus. The prevalence of rotavirus and
orovirus infections in males was not statisti-
ally different from that in females. Rotaviruses
nfect younger children compared with norovirus
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Table 2 Geographical and hospital distribution of the rotavirus- and norovirus-infected children with severe acute
gastroenteritis.
Total number of
patients
Number of
rotavirus-positive
children
p-Value* Number of Norovirus
GII-positive children
p-Value*
District
Tripoli 33 19 (58%) 3 (9%)
Minyeh-Danniyeh 17 9 (53%) 1 (6%)
Akkar 12 5 (29%) 1 (8%)
Koura 10 4 (40%) 0 (0%)
Zgharta 7 1 (14%) 0.29 0 (0%) 1.0
Hospital
Nini 32 13 (41%) 2 (6%)
New Mazloum 17 10 (59%) 2 (12%)
Tripoli Governmental 15 8 (53%) 0 (0%)
Haykal 15 7 (47%) 0.63 1 (7%) 0.75
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m* Comparisons in the proportion of viral infection between
infections that appear to target children up
to 8 years of age (p = 0.021). With regard
to the clinical symptoms, all infected chil-
dren presented with severe acute gastroenteri-
tis according to the modiﬁed Vesikari score,
with no signiﬁcant outcome difference between
rotavirus and norovirus infections. The propor-
tions of rotavirus and norovirus infections were
not statistically different between the differ-
ent districts and hospitals of North Lebanon
(Table 2).
Discussion
In most developed countries, rotavirus infection
has been reported to cause more severe gas-
troenteritis in children than norovirus infection
[11—14]. However, a number of previous studies,
most of them carried out in developing coun-
tries, have found no signiﬁcant differences between
the severity of rotavirus and norovirus infections
[15—17]. In the current study which is the ﬁrst
in Lebanon, rotavirus infection is shown to be
the major cause of severe acute gastroenteritis
requiring hospitalization in infants and children fol-
lowed by norovirus GII infection. Moreover, the
current study suggests that norovirus infection
was a common cause of severe gastroenteritis
among Lebanese children who required hospital-
ization. The results of this study are in agreement
with those conducted in Egypt between 2006 and
2007, where rotaviruses and noroviruses have been
shown to be the main causative agents of viral
gastroenteritis in Cairo, followed by adenoviruses
a
i
s
[ent districts and hospitals of North Lebanon.
nd astroviruses [18]. In Tunisia, rotavirus and
orovirus were detected in 22.5% and 17% of
he fecal samples collected from children with
cute diarrhea, respectively, followed by astro-
irus (4%), Aichi virus (3.5%), enteric adenovirus
3%), and sapovirus (1%) [17]. In another study
onducted in Saudi Arabia where 50% of gastroen-
eritis cases were associated with virus infection,
otavirus has been found in the majority of patients,
ollowed by adenovirus, norovirus and astrovirus
19].
The positive rate of a virus may vary by the
egion and period of sample collection [3]. In par-
icular, seasonal distribution of a virus infection is
n important factor to consider. Indeed, previous
tudies have previously shown that human cali-
ivirus and astrovirus infections are highly seasonal,
eaking during the winter [20,21]. The collec-
ion of stool samples during spring season may
herefore account for the absence of detection of
apoviruses and astroviruses in the present study.
easonal variation is likely to be based on bio-
ogical, environmental and behavioral factors that
egulate transmission, virulence and persistence of
he virions in host populations [22]. Large-scale
pidemiological studies are therefore required in
rder to clarify whether the role of adenoviruses,
stroviruses and sapoviruses in the development
f severe gastroenteritis is being underestimated
n the present study. Other enteric viruses such
s Aichi virus or human parechovirus [18,23,24]
ay also have a role in the development of
cute gastroenteritis in our pediatric population,
n addition to the role of bacterial and para-
itic infections previously reported in Lebanon
25—27].
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onclusion
his is the ﬁrst report highlighting the role of
otavirus and norovirus in the development of
evere acute gastroenteritis requiring hospitaliza-
ion of infants and young children in Lebanon. More
pidemiological studies are required in order to
nvestigate the burden of mild and moderate viral
astroenteritis among Lebanese children. Efforts
ust also be made in order to establish networks
f surveillance that study the frequency and modes
f transmission of viral gastroenteritis outbreaks
aused by the pertinent enteric viruses across the
iddle East.
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